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Preface

| have suppated he acquiition of this nation’s intelligence collection, processing,
exploitation, storage, ard dissenmation systens throughout my ertire carer  Three
everts duiing my carer were spaks that ignited pheromeral charges in how we
administer the U.S. military, including the reconnaissance busness. Althoughthey are dl
interrelated, they al caused diferent effecs an the ewlution in recanaissame. The
ewverts were the denmse o the Swiet Union, the drinking deense udget and the Pelsian
Gulf War.

The collapse of the Soviet Union eiminated the primary requirement for the hillio ns
of ddlars we spent on drategic intelligence systems and community infrastructure. The
“new world order’ that arose was ot predictable, not tradtional, ard not sutalde for
appraisal by our strategic intelligence system. Gone were the requirements for intense
monitoring of Soviet ballistic missle submarine activities, ICBM testing, aircraft
dewelopmert, and the status of Warsaw PFact ground forces. Now we ae trying to
monitor Tiananmen Square-like civil uprisings, ethnic cleansing, and refugee migration.

The shrinking defense budgetis a fact of life. Gone are the tordes of intelligence
aralysts, the “stovepiped” achitectures aul discplines, ard classiicaion “green doors”
keeping critical intelligence data from the warfighter. The military is driving to find
cheaper solutions to military needs and aso provide more flexibility to dynamic,

unpredictable, and urfamiliar dtuations. For example, what does a civil riot in Albania
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look like, ard how canwe assess$s impacton U.S. national pdlicies amd objecives? How
do we not only share that information with deployed U.S. forces but dso our dlies or even
the Russians?

The last catalyst for change was Desert Storm, not from its military successeshut its
intelligence failures. Many involved a the operational and tactica levels duiing that
conflict assert that our Intelligence System broke-down and did not suppat the tactical
commander. This is an incorrect assertion. Our Intelligence System did exactly what it
was desgred © do—suppat the Natonal Command Authority ard the CINC at the
strategic and operational levels of war. Desert Storm, from an intelligence standpant,
was anurforeseentype d war. What was ‘brokeri’ was n facta realzaion of our lack of
forethought for fielding intellig ence suppat systens for the warior fighting atthe panty
erd of the spear Another outcome, probaldy with more consequere © the future of
armed conflict than highlighting intelligence system failures, was the lack of U.S.
casudies during the war This nation, ard in fact most wesem nations, have becane
extremely sensitive to conflict-inflicted human suffering.

All of these ewrts ignited the fervor for unmanned aera vehicles (JAVs) to pefform
critical missons without risk to U.S. personnel ard to do it more cost effecively than
comparalde manned systenrs. But the nost amazing aspecto the recen fervor for UAVsS
is that it’s coming from the “fighter-minded” canmunity of the Air Force. The Air Force
has programmed dgnificart funds to procure amd field a highy capale UAV
recannaissare rce. Prior to UAVS caming in vogue, the Air Force had shrurk its
manned recannaissaime rce, retiring the R-71, moving the RF4 to the reseves hen

retirement, ard now consideling the fate of the wakhorse U2. UAVs, ard a rew



appeciation for spacebased recanaissame, are kecaning pat of the Arr ard Sace
Force mentality. It will be interesting to observe through the beginning of the next
millennium how this fighter-mentality Air Force expands the role of UAVSs into other
manned domains of employing air power.

| mug thank those who helped bring al this data and thought together. Thanksto go
Mg Brian Bergdahl (USAF/XORR), Mr. Par (OSD/DARO), Mg Steve Hargis
(ASC/RAV), and my faility advisor LtCol Mark Barnhart. Also, thanks go to my family
for dlowing me sometimes aganst their wishes, the time to complete this project. | hope
those that may read his report canexpard on same of my ideas ad dreamof things |

haven't even thought about.
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Abstract

UAVs ake rot new; they have a long history in avation. Pilotlessaircraft, whether as
aerial targets or for more belligerent purpaoses, have a history gretching back to the First
World War. The amual Jan€'s All the Wald's Arcraft has descibed UAVs since he
1920s' From ealy use asarget drones anl remotely piloted vehicles RPVs), the U.S.
enployed UAVs for recannaissarce purposesduring the KoreanWar, ard then as hghly
classfied “specal purmpose aicraft” during the canflict in SoutheastAsia. UAV missbns
flew mainly to cover areas defrmined Do hazadous r manned recanaissare aircraft.
Additionally, these nssbns occured at a fracion of the ccst of ard risk © manned
aircraft.”> The Air Force aso investigated the patential utility of expanding the UAV’s role
beyond recanaissance, speciicaly in ar deense sippresion ard strike missions, but
never operationally fielded these possibilities. Interest in UAVs dwindled through the
1970s and 1980s.

General awareness and military-wide accepaénce of the uility of UAVs for U.S.
military operations did not emerge agan urtil their use during Operations Desert Shield
ard Desetr Storm. During Desetr Storm, with most of the U.S.’s fleeing manned tactical
reconnaissance assets committed, UAV's emerged as a critical source of intelligence at the
tactcal level. Recenly, UN ard NATO acivities in the former Yugoslavia also brought
international attention to the advantage of miltary UAVs. According to Janes

Unmanned Arial Vehicles and Tagets at least fourteen countries ae ushg or

Xi



developing over 76 different types of surveillance, target acquisition, electronic warfare,
and expendable UAVs.

Currently, the U.S. DOD is aggessively deweloping two classes of UAVs to suppat
the Joint Msion 2010 quds for Information Supeiority—tacical ard high-altitude
endurance (HAE) UAVs. The HAE UAVs will be theater-level assets controlled
predominately by the Joint Task Force Commander and provide broad area survelllance
over the battlefield. The tacticdl UAV's will come under the control of lower echelons,
notionally battalion level commanders, and provide much more focused coverage.

The Air Force s now ervisioning, asdescibed in NewWald Vistas other patential
missons for UAV's beyond the tradtional recanaissame mssbn. Also, Micro UAVS,
lessthan 15 cmlong, could provide he lasis for even more potential applcaions. It does
seem clear that applications for UAVs will expand. Increased sensitivity to risking human
life in combat is pusing the U.S. military towards expanding UAV applications. Also, the
rapidly advancing technologies are pulling us towards the economic viabilit y of expanding
the role of UAVs in the future DOD force dructure. As the US. military evolves to
become a more flexible force across the spectrum o conflict, clearly UAVs will be an

integral part of our ability to meet the challenges of the 21st century.

Notes

'Kenngh Mun®n, Janes Unmanned &ial Vehicles and Tagets (Surey, UK,
Jane’s Information Group Limited, 1996).

?Annual Report: Unmanned Arial Vehicles (UAVS) - Augud, 1995 n.p.; on-line,
Internet, 18 February 1997, awailable from http://www.acqosd.mil/daro/homepage/
darol.html.
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Chapter 1

Intr oduction

It is only the enlighteneduter and the wse geneal who will us the
highes intelligence ofthe amy r purposes of spying, and thereby they
achieve greatresuts. Spes are a mosimportant elementin war, because

on them depends an army’s ability to move.

—Sun Tzu
Interest in the development of unmanned aeral vehicles (JAVS) in the United Sates
has risen ard falen relative to arcraft ercountered threat ervironmernts ard poalitical
pressures. This is a typical patern behind the motivation to fund nany warfighting
technologies ard systens. History stows that it usualy takes aninternational incidert
threatening our national security to highlight a military deficiency and to sir a desire for

new, innovative methods to support national objectives.

The Cold War

The gemsis ewert for the UAV was te davning of Frarcis Galy Powers U-2 spy
plare over the Saviet Union on 1 May 1960 ty anSA-2 missile’ During this intense time
of the Cold War, U.S. policy centered on our ability to stay abreast of the Soviet's
strategic nuclear posture. This country did not wart to expelierce a miclear “Peat
Harbor.” Of greatest concern was the Soviet intercontinental ballistic missile (ICBM)

programs under development in the heart of the Soviet Union.



In 1954, Presdernt Eisenhower authorized the dewlopmernt of the long range U2
recanaissarce airplane by Lockheeds Kelly Jahnson in his secet ‘skurk works.
Eiserhower had hoped b peisuade he Sviet leaderKhruskthevto adgt an*“openskies”
policy of mutud aerial survelllance as a deerrent to surprise attacks and a redudion of the
tensions anong the superpowers. Khrustchev rgecied Hserhower's proposal during
their meeing on 21 July 1955in Gereva. Within months ater the ursuccesful Gereva
summit, President Eisenhower authorized U-2 overflig hts to collect photography of Soviet
missle dewlopment ard depbyment actvities. ICBMs lecane a eal threat to this
country after the Swiets launched “Sputnik-1" on 4 Ocbber 1957. For four years the U-
2s tew through Soviet arspace wihout interfererce ror official objecion. To have
accusedhe US. of overflights wauld have beento adnmit the Svietmilitary’s inability to

defend the Soviet Union against U.S. planes.

Shootdown of Gary Power’s U-2

Powers intended U2 flight on 1 May 1960 wasfrom Pakstan to Norway to
photograph the Soviet’s Tyuratam missile test facility. Knowing only that Powers had not
arrived in Norway, U.S. officials kegana cover-up sbry by amouncing on 2 May that a
National Aeronautics ard Space Alministration (NASA) plare was nmssihg on a routine
weaher recannaissare flight over Turkey. On 5 May, Khruskchev amounced tat the
Soviets had shoot down aU.S. arplane On 6 May, NASA, continuing its cover-up gory,
sad the phre was a W2 on a hgh-dtitude eseach flight. It sad the plot, idertifiedasa
Lockheed civilian employee, reported having trouble with his oxygen equipment and
strayed off course over Turkey ard diifted into Soviet arspace ly mistake. The Sate

Depatment followed ky amouncing there hed beenno delberate atempt to violate Soviet



air space. The ewen cimaxed on 7 May when Khrushchev announced that the pilot,
imprisoned since 1 May, was alve in Moscov ard had canfessed hat he was an a spy
misson across te heat of the Sviet Union, scaing a damaging propagarlablow aganst
the US. Subsequetly, Presdert Eiserhower pulicly amounced hat he shouldered all
the Hame, stating that he had pewsonally appoved he flights anly becauseof their vital
support to U.S. security.

The sloot-down of Powers U-2 was a deastating bow to the US.’s internationa
presige. Therefore, this country becane sgnificartly sersitive to manned recannaissarce.
After the Powers incidert, the US. stopped dl U-2 overflights o the Soviet Union.
Subsequently, efforts increased on the development of satellit e reconnaissance systems as
well as the SR-71 ard recanaissace dones. Hawvng promised © discaitinue the
offensive U-2 flights, the U.S. found itself critically unable to collect intellig ence of Soviet
missile and bomber developments. The first successful CORONA spy-satellit e mission
(KH-1 mission 9009) did not occur urtil Augug 18, 1960, 110 dag after Powers
demise.® It was 18 months before the first U.S. photo-reconnaissance satellit es provided
intelligence on Soviet missile stes®> But satellit e-based photography, because bmuch
higher atitudes wer the target area, could ot provide one foot high-resdution
photography as povided ly arborne colleciors” In fact, the first CORONA satellit es
(KH-1 through KH-4 serieg best ground resolution was25feet Starting in Augug 1963,
KH-4A missions began providing 6 ft. resolution imagery.

Although same highlewvel officials in the Rentagon adwocated iunding the
developmert of UAVSs, neither DOD ror CIA provided ary sgnificart funding.”> Suppot

for untmanned reconnaissance drones quickly subdued agan within the U.S. military. In



fact the first development effort by Ryan Aeronautical Compary, code-nanmed Project
Red Wagon,started in July 1960 lut terminated bter that yearby the Air Force. It is now
evidert that the Air Force’s lessemng interest in UAVS was lecause Dthe angoing
development of the SR-71 and spy satellit e programs (e.g., CORONA). Also, because
President Eisenhower’s commitment to end overflights of the Soviet Union, there

appeared little need for reconnaissance drones.

Shootdown of a U-2 During Cuban Missile Crisis

Dewvelopmert acivities for recanaissarce dones sdidified agan after the downing of
arother U-2, this time while overflying Cuba on 27 Ocbber 1962 b determine the datus
of the Soviet nudear missile stes. A Soviet SAM, protecting the ballistic missile stes,
destoyed the aircraft. The piot died n the crash thus agan fueing a rational outcry for
unmanned recannaissance. Classified wak beganrapidly on the D21 Taghoard ard the

AQM-34 Lightning Bug.

The Vietham War

The Air Force’s development of a new UAV recanaissare swtem ewlved from a
target drone airframe (the BQM-34).° The Cuban stuation vividly demonsgrated the need
for quick intellig ence gahering while dso demonstrating the political sensitivity with usng
manned cdlection platforms. As U.S. involvenert in the Vietham War broadered, the Air
Force felded tis country’'s first operational photo-recanaissaice unmanned aircraft, the
AQM-34 Ryan Aeronautical “Lightning Bug.”

During the Vietnam War, Lightning Bug capabilities evolved to not only suppat

photographic missions, but subsequemn modificatons also suppated dher missions. reat



time video, dectronic intelligence (ELINT) that increased the safety of manned aircraft
flying over hostile areas,electronic caunter measues ECM), reaktime communicatons
intelligence (COMINT), and PSY OPS leaflet dropping. Some UAV missions, conduded
at very low atitudes,provided citical battle danage assessents (BDA) to confirm that
our grike arcraft had hit their assigned targets.” But asthe Vietham War wound down,

so did interest in reconnaissance UAVS.

The Persian Gulf War

General awareness and military-wide accepance of the vaue d UAVs for U.S.
military operations did not emerge agan urtil their use during Operations Desert Shield
ard Deser Storm. Prior operations in Grerada ad Libya hed idertified te reed br an
inexpersive, unmanned, over-the-horizon (OTH) targetng, recannaissame, ard BDA
capability for force commanders. In response to these earlier operations, the Navy started
the Poneer UAV program in the late 1980s By the time Irag invaded Kuwat in 1990,
the Naw, Marine Corps, ard Army operated UAVs. With 85% of the US.’s manned
tactical reconnaissance assets committed, UAV's emerged as a “mug have’ capability. Six
Pioneersystens (hree wth the Maiines, two on Naw battleshps, ard one with the Army)
paticipated. They provided highly valued near real-time reconnaissance, surveillance, and
target acqusttion (RSTA) ard BDA, day ard right. They often worked with the Jaint
Survelllance and Target Attack Radar System (JSTARS) to confirm high-priority mobile

targets’



Today’s Preparation for Tomorrow

Currently, the U.S. DOD is aggessively deweloping two classes of UAVs to suppat
Joint Msion 2010 quesfor Information Superority—tacical ard high-atitude erdurarce
UAVs—with two systens in eachclass. Three d these UA/ programs are uilizing a
fast-paced acgsition strategy known as Advanced Camcept Tecmology Denonstration
(ACTD). The tactical class caosists of the Tacical UAV (caled Outrider) ard the Tier 11
Medium-Altitude Endurance UAV (called Predaor). These UAVs will be tactical assets,
controlled attactcal echelons, ard provide ocused cwerage cbse to the forward-line-of-
troops (FLOT). The two high-altitude endurance (HAE) UAVs, Tier Il Plus (Global
Hawk) and Tier Il Minus (DarkStar), be theater-level assets and primarily provide deep,
long dwell, broad area surveillance over the battlefield.

Ongoing operations in Bosna by the Honeer system ard the dewlopmerta Predabr
system have highlighted the unique contributions that UAVs make to the warfighter.
Thus, a rew setof international dilemmas (the Persian Gulf War ard recen expeliercesin
Bosnia) have caugd the DOD b gep up ad defne requirements for UAVs to suppat an
increasng variety of peacethroughwar operations, ard the reed or different classesof
UAVs to cover the gperationa ervelope. Today, the Servicesare quickly acceping the
unique au vital characieristics d UAVs ard ate ervisioning other potential applcations.
The Air Force’s New Wald Vistas describes many gpplications for UAV's beyond the
tradtional recannaissaige misson, suchas umnhabited cambat aeral vehicles (JCAVS)
that could be more effective for paticular missons than are their inhabited caunterpars.
Reusade UCAVs that deiver unguided o coordinate guided weapos may be more cost

effecive when compared © sophisticaied mssles (e.g., AGM-86C cuise nissles) that



cost $1 million each Another vision is the pdential viahlity of Micro Unmanned Aeria
Vehicles MicroUAV). These iny drones, no more than 15 cmin spanor length, could
scaut inside huildings, for exanple, cdlect biologicalchemical sanples, or attach

themselves to structures and equipment to act as listening and/or video posts.

Notes

'Wiliam Wagrer, Lightning Bugs and Other Reconnaisance Dones (Fallbrook,
CA: Aero Publishers, 1982) 1.

’Remarks by Admiral William O. Studeman, Acting Director of Central Intellig ence at
the signing of the Executive Order Declassifying Early Satellite Imagery, 24 February
1995.

*Wagner, 1-4.

“Ibid., 19.

’Ibid., 19.

°Ibid., 23.

‘Annual Report: Unmanned Arial Vehicles (UAVS) - Augud, 1995 n.p.; on-line,
Internet, 18 February 1997, awailable from http://www.acqosd.mil/daro/homepage/
darol.html.

®Annual Report:Unmanned Aerial Vehicles (UAVs) - August, 1995



Chapter 2

The Pas$

And ye shall know the truth, and the truth shall make you free.
—Bible; New Testament; John 8:32

As mentioned eatlier, UAV enployment has suppated military reconnaissance needs
since the Frst World War. Historicaly, most UAVs have beenvery snal, sane even
hand-launched like toy radio-controlled arplanes, and mostly confined to the
recannaissarce role. What follows ae desdptions of the nore capale U.S. UAV

programs.

The AQM-34 Lightning Bug Drone

The Air Force’s dewelopmert of the “Lightning Bug” recanaissarme sygtem ewvolved
from a target drone arframe (the Ryan Aeronautical Compary’s HRE FLY drone, DOD
desgnation BQM-34) that had begunin 1962 unler the dreamlined and accetrated BIG
SAFARI acqusition program.® The Culan missle crisis ealy in the decade ividly
demonstrated the need for quick intelligence gahering while highlighting the poalitical
sengitivity with usng manned cdlecton platforms. By 1964, this BIG SAFARI
acqusition program fielded his country’s first photo-recanaissance ummanned aircraft,

the AQM-34 Ryan Aeronautical Lightning Bug.



Figure 1. AQM-34 Lightning Bug

The Strategic Air Command (SAC) 100h Strategic Recannaissance Wing (SRW)
operated hese dones, mostly enploying themin SoutheastAsia. Most missbns involved
photography and real-time video, dectronic intelligence (ELINT), and communications
inteligence (COMINT). Some UAV missions, conduded a very low altitudes
necesgeted by poor weater conditions, provided lattle danage assessents (BDA) to
confirm that U.S. strike arcraft had hit their assijned trgets? Hights over Communist
China started in 1964, proceedng on to sorties over North Vietnam, Loasard Canbodia.
With arcraft flying initially from Bien Hoa AB, South Vietnam, and later from U-Tapeo,
the program was a huge sicces. Not only did the UAVs provide plotographs ard
ELINT on crucia ereny MiG ard SAM defenses, they also aced as tlay pigens” to
determine the precsecommand codesused 6 debnate the erermy SAMs’ warheads. This
intellig ence kept U.S. drike and bomber arcraft safe from dl but the worst ravages of the
Soviet-supplied SAMs, affording U.S. arcraft the ability to jam the incoming missiles at

opportune moments.



Lightning Bug enployment commonly used troughout the war caled for an air
launch from a gecaly modified G130, the “mother ship.”  After flying the
preprogranmmed (although sometimes remotely piloted) route, the dionesrecovered usng
a paraclhute system auiomaticaly depbyed over a degynated aea, bringing the drone
softly to earth. A helicopter would retrieve the drone and return it to the unit operating
center for film retrieval and vehicle refurbishment. In 1966 a ew mid-air retrieval system
(MARYS), initially developed to capture satellit e photographic “buckets,” was adopted for
the diones. A helicopter would sratch the dione’s paactute aml return to the recovery
location with the drone hanging below the helicopter. The piocedue was &irly successil
in Southeast Asia.

The intelligence community tasked the Lightning Bug under a classified operations
order code-named Buffalo Hunter. The first operationa flig ht for the Lightning Bug in
Sautheas Asiawas20 Augug 1964;the last flight wason 30 April 1975. In al, the 100h
SRW flew 3435 @erational sorties in Sautheas Asia.®> During the cairse d the warthe
Lightning Bug provided some invaluable resulBme accomplishments were:
Obtained the first photographic evidence of SA-2 missiles in North Vietnam.
Took the first photographs of Soviet MiG-21D/E aircraft in North Vietnam.
Obtained photographic evidence of Soviet helicopters in North Vietnam.
Photographed an SA-2 missile detonation at close range (20 to 30 feet).

Provided the only daly low atitude bomb damage assessment (BDA) of B-52
raids during “Linebacker 11%
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Table 1. Different Types of Lightning Bugs

RYAN 147 | MILITARY | MISSION DATES NO. PERCENT
MODEL MODEL UTILIZED | LAUNCH | RETURNED
A Fire Fly - First Recce Demo 4/62-8/62
B Lightning Bug First Big-Wing 8/64-12/65 78 61.5%
High Altitude Photo Bird
C Training & Low Altitude Tests 10/65
D Electronic Intelligence (ELINT) 8/65 2
E High Altitude ELINT 10/65-2/66 4
F Electronic Counter Measures 7166
(ECM)
G Longer B Model w/ Larger 10/65-8-67 83 54.2%
Engines
H AQM-34M High Altitude Photo 3/67-7/71 138 63.8%
J First Low Altitude Day Photo 3/66-11/77 94 64.9%
N Expendable Decoy 3/66-6/66 9 0
NX Decoy & Medium Altitude Day 11/66-6/67 13 46.2%
Photo
NP Interim Low Altitude Day Photo 6/67-9/67 19 63.2%
NRE First Night Photo 5/67-9/67 7 42.9%
NQ Low Altitude Hand Controlled 5/68-12/68 66 86.4%
NA/NCS AQM-34G | Chaff & ECM 8/68-9/71
NC AQM-34H Leaflet Dropping 7/72-12/72 29 89.7%
NC (M1) AQM-34J Day Photo & Training
S/ISA Low Altitude Day Photo 12/67-5/68 90 63.3%
SB Improved Low Altitude Day 3/68-1/69 159 76.1%
Photo
SRE AQM-34K Night Photo 11/68-10/69 44 72.7%
SC AQM-34L Low Altitude 1/69-6/73 1,651 87.2%
SC/TV AQM- SC Model w/ Real Time Video 6/72- 121 93.4%
34LITV
SD AQM-34M | Low Altitude Photo / Real Time 6/74-4/75 183 97.3%
Data
SDL AQM- Loran Navigation 8/72 121 90.9%
34M(L)
SK Operations from Carrier 11/69-6/70
T AQM-34P High Altitude Day Photo 4/69-9/70 28 78.6%
TE AQM-34Q | High Altitude Real Time 2/70-6/73 268 91.4%
COMINT
TF AQM-34R Improved Long Range 2/73-6/75 216 96.8%
TOTAL 3,435 83.9%

Source: William Wagner, Lightning Bugsand OtherReconnaisance Dones(Fallbrook,
CA: Aero Publishers, 1982), 213.

®NA/NC Combat Angel drones, for posshle prestike ECM chaff-dispersing missons,
operated on standby in the CONUS by Tactical Air Command.

Table 1 sunmarizes he enployment of the Ryan Lightning Bug n SoutheastAsia. It

is eagier to follow the numeaousversions of the AQM-34 usng the Ryan Aeronautical Co.
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desgnation, which is the 147 nodel with letter suffix desgnations. The Lightning Bugs
also photographed the piisoner of war canps, including the famous Hami Hilton within
the dead) ar-deferse sgtem around the capiol. Returning POWSs considered the low-
level overflights by these aircraft a real morale bod'ster.

The enployment conceps for the diones ewlved as @erating tecmiques ad
technologiesimproved, alowing the systemto mature. The pecert returned cdurm of
the table indicates a gnificart improvement in system effeciveress duing the spanof
AQM-34 qoerations. Another pefformance aspecthe Air Force expelimented with was
the “steathiness” of the \ehicles, as a mthod to improve system success. Drone
modifications included nstallation of a sceenmesh over the ergine inlet, specal blarkets,
and radar absorbing pairits.

In July 1976 Tactcal Air Command (TAC) took over the force, which was
redepbyed to Davis-Monthan AFB. Soon atterward, TAC had a ngjor charge d heat
about the utility of these UAV's and retired the force within three years, most likely dueto
the revitalization of the TR-1/U-2R production run. Of the retired force, thirty-three

refurbished “stealthy” AQM-34s went to Israel, but the bulk remained in stdtage.

Other Applications for the Bug

In 1970, the Israel government requesed US. asistarce n overcoming the
EgyptianSoviet air-deferse sgtem along the Suez Caal. Inquiries h to the DOD
reveabd that, slort of closedn strafing atacks, there were no effecive mears of

suppressing missile ard arti-aircraft Stes. Suchattackswould, of course, be extremely

12



hazadousto the pilots ard their tremerdously expersive arcraft. The atrition would be
unacceptable in terms of lives, dollars, and assets.

Although the U.S. Air Force red pumposely ignored drone weapaos delvery, the
Israel dilemma highlighted a &ct that NATO courtries calld face he sane threat in
Europe. In 1971 te Air Force receved $14millio n from Congress for the “Have Lemon”
program to denonstrate new appioactes b accuetely delvery stard-off weapms.
Within a year of contract initiation, an Air Force-Ryan Aeronautical team successiily
denonstrated the launch of a Lightning Bug done that sulsequenly launched anAGM-
65 Maverick electro-optical seekng mssle aganst a radar control van. The
denonstration program also included he Lightning Bug diopping a electro-optical glide
bomb, “Stubby Hobo,” aganst a target Althoughthe denonstration program succeeded
ard wasreadyfor depbyment in eaty 1972,the dione weapa program never depbyed
operationaly. In Vietnam, the ereny canouflaged beir SAM sites very wel, hindeling
the ability of the drone operator and the missile system to identify the targels. Even
though the dione weapa delvery never depbyed, the US. DOD began realzing the
utility of usng a UAV attack system to go in on the first wave and soften up the target so

that manned aircraft could go in and finish the'job.
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Figure 4. Maverick Striking Target
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The D-21 Tagboard Drone

Mindful of the Gay Powers U-2 shootdown attershocks am the inevitade palitical
sengtivities concerning menned overflight of large expanses of denied territory, the
Lockheed Skunk works’ desgned a ti-sonic, ar-laurched, recanaissame vehicle
desgnated he D21 (code-named Tagboad). By June 1963 he erginees mated a D-21
to its launch aircraft. The launch platform was a mdified A12 caled the M-12, the
predecesor to the SR71. Built primarily from titanium, the D21 hed a ange d 1,250
nautical miles, cruised a Mach 3.3 and could reachanatitude d 90000 t. Orce releagd
from the M-12 by a Launch Control Officer (LCO) riding in the M-12, the dione flew its
sortie indepemertly. The D21 inertial navigaion system (INS) was programmed to fly
the desred track ard flight profile ard execue canera on ard off operations, alowing it
to satsfactorily execue the pefect photo-recce sdie. After completing its canera un,
the diones’ INS commanded te aub-pilot systemto desced the wehicle © its ‘feetwet
flm collection pont. The entire pdletized camera unit then gected and parachuted
towardsthe suface. Asthe dione cattinued t descety barametricaly acivated exlosive
chargeswould desroy the wehicle. A C-130 equpped wih a Mid-Air Recovery System
(MARS) would retrieve the camera unit containing its valuable film and fly it to a base for

processing and analysis.
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Figure 5. D-21 Drone Riding M-12

By 1966 the program had progressed ard wasreadyto perform vehicle sparation.
The misson profile caled for the M-12 o fly at Mach 3.2 ard commence a slight pull up
at 72000 t, then push over to maintain a steady0.9 g. With controllability checks
completed and its ram-jet burning, the LCO initiated vehicle separation by throwing the
switch that fired off a blastof compressed aifrom a cyinder fitted in the M-12’s pyton.
This pioneeiing work achieved its first succesful separation on 3 uly 1966. But the third
launch, on 31 dly 1966, resulted n disaster. After drone sparation, a canbination of
factors caused aam-jet stal on the D21, which slammed down onto the at launch pylon
of the M-12. The impact caused e M-12 to violertly pitch-up, exposing the large
underside chine area of the aircraft to the immense pressure of a Mach 3.2 arstream,
which quickly ripped he M-12 in half. Miracubusly, both crewnen suwivedthe aircraft’s
disintegration, but the LSO drowned upan entering the water. As aresult of this mishap,
Lockheed canceled the M-12/D-21 program.

Instead, Lockheed nodified he D-21s b incorporate a &ss sestive inlet ard alow
launch from B-52s of the 4200h Test Wing at Beak AFB. This new operation, code-

named SeniorBowl, produced is owvn aray of problems. Launched from a slower, lower
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platform, the D-21 was acceérated to its gperational speed am alitude ly a looster
rocket fitted to the urderside d the dione, which sepaated from the \ehicle at cruising
speed. Only five B-52/D-21 goerational sarties took place. The cdlection areas ér these
highly classiied missons were targets in China. During one sich misson a D-21 drone
mafunctioned and crashed in a remote mountainous region of China. The incident
resuked in China, thinking this wasan SR-71 overflight, protesing to the US. that SR-
71s wee violating their sovereign airspace. On arother operational flight, problems arose
during the recovery of the \tal recanaissare canera palet. While desceding by
pamactute, the MARS-equipped recovery aircraft failed to capure the unt. In the
subsequen water recovery attempt, a U.S. Naw dedroyer snagged e floating pamaclute
and keel-hauled the reconnaissance package, thus, destroying the film.

The Air Force cacelked SeniorBowl due b operational difficulties, pditical concems
and the high cost of these limited-duration flights.™® After the Air Force retired the
Lightning Bug fleet in 1975, the US. DoD was not involved n ary notable UAV

programs until the late 1980s.

The Pioneer Tactical UAV

Another international crisis agan highlighted the utility of UAVs a enhancing our
warfighting capabilities. During Operation Desert Storm, coalition commanders could see
across te erire battlespaceunderstand infinite detils of the erenry, ard lead coalition
forcesto a new level of precsion ergagenent never seenbefore. A wide speatum of
collection platforms; satellites, Joint STARS, AWACS, UAVs, and others, collected

recanaissarce. The US. Army, Naw, ard Marine Corps capialized on their use of
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UAVs to help accanplish the task o battlefield-intellig ence gathering, sometimes referred
to as intelligence preparation of the battlefield.

The employment of UAV's clearly demonstrated their ability to complement other
information systens, providing a bta battlespace eew to al commanders, from the
tactcal battlefield commander to the gperationa-level decsion mekers.® According to
the interim DOD report to Congress on Desert Shield ard Degrt Storm, UAVS performed
“direct ard indirect gurfire suppat, day ard night surveillance, target acquisition, route
ard ara ecanaissarce aml BDA.” The Honeer system “appeas o have validatd the

operational employment of UAVs in combalt.”

Figure 6. Pioneer Tactical UAV

The Honeersystemwas he pimary UAV enployed ty the US. duiing the conflict.
Ironicaly, it wasthe Israels that originally deeloped he Roneersystem Because bthe
Israeli success with UAVs and identified U.S. military needs for an unrmanned penetrating
recannaissance platform, the Naw started the Poneer Program in 1985. The Poneer
UAV provides imagery intelligence (IMINT) for tacticad commanders on land and at sea

(originally launched fom Navy lowa-class lattleships today from LPD-class sips).™
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The Israel compary Israel Aircraft Industies (Al) teanmed wih the U.S. compary AAI to

form Pioneer UAV, Inc. and produce the Pioneer UAV for the U.S. military. The Army

also procured Pioneer systens from the Naw ard receved its first Pioneer system in

1990. The following table outlines the characteristics of the Pioneer UAV.

Table 2. Pioneer UAV System Characteristics

Cost Average $875k per vehicle; $400k for IR sensor; $100k for TV

Dimensions Wingspan - 16.9 ft.; Length - 14.0 ft.

Weight Max. Gross Weight - 447 Ib. (includes 66 Ib. fuel)

Runway Rail, Runway, Rocket Assist Takeoff; Recovers in to a net or with
arresting gear

Payload 35-60 Ib.

Range 185 km (maximum)

Duration 5 hr.

Airspeed 95 knots maximum, 65 knots cruise

Altitude Ceiling - 15,000 ft.; Normal ConOps - 5,000 ft.

Survivability No ECM or low observable technologies

Deployment two C-141s or five C-130s

C2 Link C-band & UHF uplink / C-band downlink

Sensors EO or IR

Total System

5 Air Vehicles, 1 Ground Control Station (GCS), 1 Portable GCS,
Remote Receiving Stations, 1 Truck Mounted Launcher

The U.S. depbyed fprty-three Poneess to the theaker that flew 330 srties,

completing over 1,000 fight hours. During the “left hook” maneuver, UAVs eralded the

U.S. Army to take aut ewery piece d ereny attillery that could have threatened friendly

forces, then maneuver to cut-off ard destoy Iragi forces n the Kuwati Theaer of

Opentions (KTO). The Naw used UA/s to monitor the Kuwati coastine ard Iraqgi

naval facilities. UAV's helped search for mines and spotted every 16-inch round fired by

U.S. battleships The ability to spot eachround reattime alowed a synificart increasen

the accuacyof the ig gurs. The Maiine Corps usedtie Roneerto fill the ggp created by

the retirement of their RF-4s.  Although the imagery resolution provided by Pioneer did
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not match that provided ly the retired RF-4s the information did sgnificartly suppat
Marine air power in the Gulf, providing target information and BBA.

In ten yeas, the U.S. Pioneer system has flown neaty 14000 fight hours ard
suppatedevery maor U.S. contingercy operation to dake. Since 1994t has flown over
Bosnia, Hatti, and Somalia. Curently, there ae rine systens in the actve force: five
Naw, three Mame Corps, ard one asgined © the Jant UAV Training Certer at Ft.
Huachuca, AZ. The Pioneer system will begin drawdown and phase-out in FY 2000 asts

replacement, the Outrider Tactical UAV, enters the inveritory.

The Hunter Tactical UAV

The U.S. Army envisioned the Hurter Jant Tactcal UAV to provide loth ground
ard maritime forces with nearreal time imagery within a 200km radius of acion,
extendible to 300+ km by usng arother Hurter as an arborne relay. The g/stem can
operate from unimproved arfieldsto suppat the ground tacical force commanders at the
FLOT. Although the prime contractor is TRW, the Hurter system is a deivation of a

UAYV developed by Israel Aircraft Industries (IAl), Israel.

Figure 7. Hunter Tactical UAV
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Following an October 1995 ROC recanmendaion, the USD A&T) decded b let

the Hurter contract expire after delvery of only sewen systens, ending the acqusition

program. Currently, the Army is operating the Hurter systens in the GONUS to suppart

contingercy operations, UAV doctrine ard cancept deelopmert, ard exercises ard

training. For exanple, at the Augug 1996 ivefire denonstration at Eglin AFB, a Hunter

was a testbed for alaser designator demonstration. The UAV illuminated the target for a

PGM from a manned weapon system, thereby, limiting operator risk.

Table 3. Hunter UAV System Characteristics

Cost N/A, program canceled

Dimensions Wingspan - 29.2 ft.; Length - 22.6 ft.

Weight Max. Gross Weight - 1,546 Ib. (includes 300 Ib. fuel)

Runway Unimproved runway

Payload 185 Ib.

Range 200 km (maximum)

Duration 8-12 hr.

Airspeed 110 knots maximum, 90 knots cruise

Altitude Ceiling - 15,000 ft.

Survivability No ECM or low observable technologies

Deployment sixteen C-130s

C2 Link C-band LOS

Sensors EO or IR

Total System | 8 Air Vehicles, 3 Ground Control Station (GCS), 4 Remote Receiving
Terminals, 2 Ground Data Terminals, 1 Launcher & Recovery Sysfem
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Chapter 3

The Presen

| was looking at Pedator [imagey displayy yegerday...It was flying
overan ara..at 25000 ®et. It had beerup there for a long time, many
hours, and you could see the city belowand you coulddcusin on the
city, you could see a building, focus on a building,you could se a
window focuson a wndow You could put a cwor around it and fet]
the GFS latitude and longitude weraccuately, remotely viasatellite.
And if you pased that inbrmation to an F16 or an F-15 at 30,000 feet,
and that pilot canisnply put in that latitude and longitude into Hiemb
fire control system,thenthat bomb can be dpped quite accately onto
that target, maybevery cloe to that whdow or, if it's a precison
weapon, pethapsit could be put trwugh the whdow.. I'd buy a lotof
UAVs in the future.

—Admiral William A. Owens
Vice Chairman of the Joint Chiefs of Staff

June, 1995
Until the time frame of the Gulf conflict, basically two types of assets provided
reconnaissance. manned arborne platforms and satellites. Both of these classes of
calleciors have positive ard regative agpecs. Manned platforms (U-2, SR-71, JSTARS,
AWACS, Guadrail, ES-3, ATARS on 16 aml FA-18 arcraft, efc.) provide hgh
resdution data, are extrenely flexible at adaping to multiple missbn scemurios, and can
loiter (with air refueling) within the conflict region up to the limitations of the crew (about
eight hours). Crew limitations dso limit their ability to reactquickly to global conflicts.

Additionally, manned platforms have extra costs ad weght alowarces assodated wih

crew requirements. But the maost sgnificant limitation of manned platforms is the risk to
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the cew. The American populous am government leades are becaming increasngly
sensitive to loss of life scenarios.

Satellit e reconnaissance, becauseof the principles d orbital mecharics, can see
virtualy anywhere in the wald ewery day They also cdlectinformation acioss wie aeas
and at no risk to human life. Orbital mechanics aso limit a satellite's coverage of a
conflict area b albout 20 mnutes eacthorbit pass,with only alout three b four passesa
day, depening on target latitude. Continuous coverage d a caiflict region from space
would require a large satellite constellation (similar to the Global Postioning System
constellation) costing hillio ns of ddlars. Also, satellit e orbits are constant, enabling an
enemy to easlly predict when the satellit es will o bserve the region and, therefore, conceal
activities and forces. Satellit es dso tend to be expensive and considered “national assets,”
primarily used l the rational decsion makers on strategic ard operational issues.
Dissemination of satellit e-derived intellig ence to the tactical battlefield commander was a
major fault of the national systems during the Gulf conflict.

UAVs have demonstrated their ability to fill the gap between manned airborne and
satellite reconnaissance platforms. UAVs provide complimentary capabilities to the
commander by conduding day or night reconnaissance, surveillance, and target acquisition
(RSTA), rapid battle danage asessmert (BDA), ard hettlefield managenent in high
threat or heavly deended aeas wilere the loss d a high-value, manned systemis likely
but near-real-time information is required." As mentioned eatier, the Honeer UAV
system did provide critical suppat to caalition forces during the Guf conflict. But
significant ggos Hill existed among dl the reconnaissance platforms. Theater commanders

perceived an intelligence shortfall during the Persian Gulf conflict. A memorandum from
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the Urder Secretary of Defense (Acqusition ard Techmology) (USD (A&T)) outlined he

need and characteristics for a system to fill this need.
Current national, theater and tactical intelligence collectioassets are
insufficient to provide for urgently needed, critical, worldwide, releasable
nearreal time intelligence onixed and mobile tagetsfor the intheater
Commandeiin-Chief (CINC), Joint Forces Commander(JFC), and the
National Command Authority. No system exits which can povide
continuousall-weather coveiage of worldwide targets National asets
cannot provide long dvell coveage of small mobile or fixed tagets
Existing theaterairbome asets are limited by endwance ofless than 8-12
hours, limited numbes, and posible los of air crew over hodile areas

Ground baed gstems cannot opegite in denied and/ohogile areas
without the possibility of loss/capture of personnel.

—USD (A&T) Memorandum, 12 July 1993

Although UAVs were successful in providing critical information during the Gulf
conflict, they could not provide hgh resdution dat covering large aeas. The Pioneer
sysstemwasbasicaly a vVideo canera flying alout 5,000 eetalove the battlefield. But the
true success of the Pioneer system was not in the qudity of intelligence it provided to the
battlefield commander, rather its greakest successwas tat of charnging opinions ard
attitudes of military officials about the role of UAVs in future reconnaissance
architectures. UAVs are a critical dement of the U.S. forces ability to obtain and retain
dominart battlefield awaeres (DBA), crucid agecs of suppating Joint Msion 2010

and the Air Force’s concept Gflobal Engagement

The Yugoslavian Civil War

Agan an international crisis brought the UAV back into the spatlight. This time the
crisis wasthe civil war in the former Yugosavian repuldics. The DOD’s UAV programs

got a realboost from the impressve performance of the Predabr UAV during the crisis.
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MajGen Kenneth Israel direcior of the Rentagan's Defense Airborne Recanaissame
Office DARO), recertly stated hat “Predator has dane a remarkalle job. It helpedthe
general impression about UAV's in the Services and in the Department in a very positive
way. Becausetis beenso successf, | think there’s beenan awakeing. It has spaked

support for UAVs across the board and for our planned family of UAVS.”

The Defense Airborne Reconnaissance Office

In FY 1994,DOD creaed he DARO to unify airborne recannaissance achitectures
ard erhance the acqusition of manned ard ummanned arborne asset ard assaciated
ground systems. Since ts cawcepion, the DARO built an Integrated Airborne
Recanaissalce Strategy for a camprehensive deénse-wide arborne recannaissaime
capability that will work in concert with the National Reconnaissance Office (NRO) space-
based assst The DARO oversees e Deense Airborne Recanaissace Program, which
consists of U-2, RC-135, ard EP-3 arcraft programs, non-lethal tacical ard erdurarce
UAVSs, the Digtributed Common Ground System (DCGS), advanced reconnassance
techndogy and sensors, and the Common Data Link (CDL). DARO develops
demonstrates, and acquires improved arborne reconnaissance capabilities, and paforms
systemlewel tradedfs for manned arcraft ard UAVSs, sersors, da@ links, daia relays, and
asseiated piocessng ard dissenmnation systens. The DARO abko estblishes amd
enforces commonality and interoperability standards for airborne reconnaissance systems.

The DARQO is utilizing the Advanced Concept Technology Demonstrations (ACTDs)
process to denonstrate ard evaluate promising UAV conceps through eaty user

involvemert in realstic operational scerarios. ACTDs darted in FY 1994 br the Medium
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Altitude Ehdurarce UAV (Tier 1l or Predabr), the Conventional High Altitude Endurarce
(HAE) UAV (Globa Hawk), ard the Low Observade HAE UAV (DarkStar). In FY96
the DOD terminated the Hunter UAV program ard initiated a Tactical UAV (TUAV or
Outrider) ACTD.

The DARO ervisions that the future DOD family of UAVs will consist of two classes
—tacical ard hgh-altitude ewxlurarce UAVs—with two systens in eachclass. The
tactcal class cosists of the Outider UAV ard the Redabr UAV. The UAV Jant
Program Office JPO), under the Nawy Service Acquisition Execuive, manages both
programs. The two HAE UAVs ae the Gbbal Hawk (Tier Il Plus) ard the DakStar
(Tier 11 Minus). Both programs are being developed by the Defense Advanced Research
Projects Agency (DARPA).

The HAE UAVs will be theater-level assets controlled predominately by the Joint
Task Force Commander. The tactica UAVs will come urder the control of lower
echelons. The HAE UAVs will provide broad area surveillance over the battlefield, while
the tactical UAVs will provide much more focused coverage The HAE UAVs will
provide high-resolution digital (still fr ame) imagery, while the tactical UAVs will provide
predominately video. The HAE UAVs will provide extremely high bandwidth data; the
tactical systems will provide data a& much lower bandwidths. The HAE UAV systems,
designed to be relocateable, will usudly operate from fixed bases. The tactica systems

will be fully deployablé’

27



The OQutrider Tactical UAV

Alliant Techsystems is the prime contractor for the Outrider UAV Program, with the
contract awaded n May 1996. Alliant’s offering is a derivative of the dud-winged
Helifox UAV, built by Mission Technologies, Hondo, Texas. During the initial two-year,
$526M ACTD program, the DARO phrs to procure $x Outrider systens (eachwith four
air vehicles ard two Hunvee tucks wth trailers) ard an addtional eight attrition air

vehicles.

Figure 8. Outrider Tactical UAV

The Outider system is desgned © suppat Army maneuver brigade ad amored
cavalry regiment commanders, Marine Corps regimental/battalion levels, and Navy task
forces. It will ultimately replace he Roneer UAV. The Outider will initially carry a day
and night dectro-optical (EO) and infrared (IR) sensor for reconnaissance, intellig ence,
surveillance, and target acquisition (RISTA) missions. In time, the Outrider may carry a
moving targetindicator (MTI) ard synthetic apeture radar (SAR), electronic warfare, ard
communications and daa relay capabilities. This system will lik ely see its first use in 1997

with the 4t Infantry Division (Mecharized)at Fort Hood, Texas.* If the ACTD program
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succeedsthe DOD nay ewertualy procure asmany as 61 systens, a total of 244 air

vehicles’
Table 4. Outrider UAV System Characteristics
Cost Average $350k per vehicle
Dimensions Wingspan - 11.1 ft.; Length - 9.9 ft.
Weight Max. Gross Weight - 385 Ib. (includes 85 Ib. fuel)
Runway 300 ft. unprepared strips or shipdecks, automatic landing system
Payload 80 Ib. internal, 100 Ib. on centerline pod
Range 200 km (maximum)
Duration 4.9 hr. @ 200 km; 7.2 hr. @ 50 km
Airspeed 35 - 110 knots; cruise @ 90 knots
Altitude Ceiling - 13,000 ft.; Normal CONOPs - 5,000 ft.

Flight Control

Programmable autopilot and GPS navigation with inertial back-up,
reprogrammable in flight to loiter waypoints

Survivability No ECM or low observable technologies
Deployment one C-130

C2 Link line-of-sight (LOS)

Sensors EO or IR (potential SAR)

Total System

4 Air Vehicles, 4 Modular Mission Payloads, 2 Ground Control Stg
(GCS), 1 Remote Video Receiving Station, Launch & Recovery ar

ition
nd

Ground Support Equipment

The Predator Medium Altitude Endurance UAV

The RFredabr UAV was DOD’s solution to anintellig ence collection shortfall that the

wairfighters ercountered during the Persian Gulf conflict. The Theaer CINCs aml JTF

Commanders demanded an intellig ence collection asset that could provide near real-time

information, continuous coverage, and interoperability with C41 dructures without

erdargeting human life or sersitive tecmologies. Predabr, also idertified as the Medum

Altitude Ehdurarce MAE) or Tier Il UAV, is a deivative of the Grat 750 (Tier I) UAV

used by the Central Intelligence Agency (CIA).
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Figure 9. Predator Tactical UAV

In July 1996, Predabr completed its 30smonth ACTD program ard began
trangitioning to low-rate initial produdion (LRIP) in the formal acquisition arena. The
system provides long-range, long-dwell, near-real-time imagery inteligence (IMINT) to
satisfy reconnaissance, surveillance and target acquisition (RSTA) mission requirements.

The Redabr system has three pats: The ar vehicle with its asseiated sersors ard
communicatons equpmert, the giound caontrol station (GCS), ard the pioduct or data
dissemination system. The air vehicle carries EO (still fr ame and video), IR (till frame)
and SAR (still frame) sensors which enable the system to acquire and pass imagey to
ground sttions for beyond-line-of-sight (BLOS) use ly tacical commanders. The
command link to the vehicle from the ground siation alows the goerator to dynamicaly
retask the sesors arl vehicle as equesed Ly the field conmander. Recem addtion of
de-cing equpmert now alows trarsit ard operation in adwerse weaher conditions. The
“commeacial off-the-shelf” (COTS) sensor hardware does not compromise senstive
technology if lost over ereny territory. The dat provided s also unclassiied, greaty
easing releasability to coalition patners. The GCS consists of a pilot paosition, a payload

operator position, ard two dat exploitation ard canmunicaions paositions. The notional
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system to maintain continuous 24 lour coverage, comprises hree a four air vehicles,one

GCS and 28 personnel.

Table 5. Predator UAV System Characteristics

Cost $3.2M per vehicle (with EO/IR/SAR), $2.2M for Trojan Spirit, $2.9M
for Ground Control StationTotal system cost $28.3M

Dimensions Wingspan - 48.7 ft.; Length - 26.7 ft.

Weight Max. Gross Weight - 2,100 Ib. (includes 650 Ib. fuel)

Runway 2,500 ft.

Payload 450 Ib.

Range 925 km (maximum)

Duration 24 hr. on station, total mission duration up to 35 hr.

Airspeed 60 - 110 knots; cruise @ 70 knots

Altitude Ceiling - 25,000 ft.

Flight Control | Manual take-off/landing, fully autonomous or remotely piloted,
dynamically retasked in flight

Survivability No ECM or low observable technologies

Deployment five C-130s, two C-141s, one C-5/17 for equipment only, operational
six hours after arrival on site

C2 Link UHF MILSATCOM (16 KBs), Ku-Band commercial (1.5 MBs), LO$S
(4.5 MBs)

Sensors simultaneous EO/IR (0.5 ft. resolution) and SAR (1.0 ft resolution)
capable; SAR only via Ku-Band or LOS

Total System | 4 Air Vehicles, 4 Modular Mission Payloads, 2 Ground Control Stgtion
(GCS), 1 Remote Video Receiving Station, Launch & Recovery and

Ground Support Equipment

Sensor data from the Redabr vehicle integrates nto the curent theaer-level C4l

architectures through the TROJAN SPIRT I

(TS 1) satellite communications

(SATCOM) system To provide rearrealtime broadcastof Predabr videoto numerous

theaker ard retional uses smultareously, the dssenmation system uses eher the Jont

Broadcast System (JBS) or the TS Il switch at Fort Belvoir, Virginia, or both.
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Figure 10. 1996 Predator EUCOM Deployment €I Architecture.

As production assets augment ACTD assets, Predator will be the operational
erdurarce UAV workhorse ty the erd of the decade. Gereral Atomics, San Diegq
Calfornia builds the Predabr System The Air Force’s 11t Recanaissae Sjuadon at
Nellis AFB, operationaly controls and mantains the existing systems with USACOM
exercising COCOM. The Navy's Joint UAV Program Office in Crystal City, Virginia

performs development and fielding efforts.

UAVs Over Bosnia

As pat of its ACTD dewlopment acivities, the Rredabr has successflly depbyed
twiceto the Balkars suppating NATO, UN ard U.S. forces The first depbyment, from
July through November 1995, involved tree Pedabrs with only EO/IR sensors ard the
LOS ard UHF SATCOM dat links. The systemoperated from a basein Gjader Albana.

Despte two ealy losses @ne to hostile fire, the aher to ergine failure) the Predabr
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system and its operators showed seady improvements in operational utility to the theater
commanders. The system’s unique live video and dynamic retasking capabilit ies increased
the canmander's battlefield awaeress ad alowed hm to focus hs asset at the right
placeard time. Many credi the Redabr with providing NATO commanders with the
critical intelligence to begin a bomhing campagn that, in turn, led to the Dayton Peace
Accard signed n Decentoer 1995. Adverse weaher wasthe piinciple limit ation to system
abilities. In-flight icing, high winds precipitation and cloud cover limited Predaor’s
ability to perform planned missions.

The Predabr system depbyed agan to the Bosnian AOR in March 1996, this time
based out of Taszar Hungary. This time the wehicles hcluded a 3R semor, the
commercial SATCOM link, active deicing capailities for the wings and an expanded
information dissenmation infrastucture. Another Predabr vehicle crasted in November
1996 due to engine failure.

During the two operational depbyments to the Bakars, three CONUSexercises, ard
one denonstration, weaher causedhe camrelation of 17 pecert of the phmed missbns
and early return to base (RTB) in 19 peacent of the missons flew. Weather limited
Predator’s value to the commanders more than any other factor.

Also duiing the goerational depbyments to the Bakars, the system successflly
integrated into a complex C4l architecture. Howewer, the system operators eyperierced
reluctarce fom arspace nanagers to integrate it with manned arcraft. The resuting
restrictions on Predaor employment hampered its ability to contribute to the intellig ence
collection missions.”  Although Joint Pub 3-55.1 (Joint Tactics Techniques and

Proceduesfor Unmanned Arial Vehicles 27 Augug 1993)outlinesthe procedues for
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the JFACC's airspacecontrol authority (ACA) to control UAV operations, it is clearfrom
all the Predaor deployments that more effort is needed to familiarize the JFACC staff with

UAV operations within controlled airspace.

The High Altitude Endurance Unmanned Aerial Vehicles (HAE UAV)

The DakStar ard Global Hawk ar vehicles, with their Common Ground Segmert
(CGY), form the HAE UAV system The two air vehicles ae canplementary: DarkStar
will provide a capability to penetrate and survive in areas of highly defended, denied
airspace,while Global Hawk’s even greaer range, erdurarce ard multi-sersor payoad
will provide broad battlefield awareness to senior command echelons. The CGS will
ensure interoperability between the air vehicles and transmission of their sensor produds
to the C4l infrastucture, as well as povide canmon launch ard recovery ard misson
control elements (LRE and MCE). Thus the HAE UAV system will provide the joint
warfighter with an unprecedeted degee d broad recanaissame-suiveillance coverage
and flexibility. The systems are being designated for pre- and post-strike, standoff and
peretrating recannaissale mssons, cost-effecively complementing other recanaissamce

asset$.
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Figure 11. High Altitude Endurance UAV CONOPs

The DOD kegan a revolution in UAV recanaissance ly initiating the HAE UAV
Program in 1994. The DARO desgnated he DARPA asthe execuive agen for the initial
phases (Pheses | and Il) of these two ACTDs. After demonstration of accepable flight
and sensor peaformance, the Air Force will become the executive agent for the final
ACTD demonstration (Phese IlIl) and any follow-on acquisition activity (Phese 1V).
Currently, both programs plan to transition from Phaese Il to Phase Il in January 1998.
The decision to begin produdion will o ccur in FY 2000. It is noteworthy that the same Air
Force BIG SAFARI program office hat procured te Lightning Bug UAV in the 1960s
will be responsible for the HAE UAVS.

The HAE UAYV performance objectives cane from three Mssbn Needs &tenerts
(MNS): Long Endurance Reconnaissance, Surveillance, and Target Acquisition (RSTA)
Capabilit y°; Broad Area Coverage Imaging Capabilit y** ard Assued Receit of Imagey

for Tactcal Forces'* The ACTD program objectives include demonstrating military
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utility within the congtraint of a $10M Unit Hyaway Price UFP) ard dewdoping a
concept of operations (CONOPRs) addessing operationa control, arspace managenent,
tasking, and daa dissemination. The program management gpproach is revolutionary in
that it allows the contractors the flexibility to adjust system specifications to meet the
overriding requirement of acheving a $10M UFP. Also implemented & the use of
Integrated Rocess EBans (PTs) that enphasze rew ard innovative ways of doing
busness. This management gpproach dlows maximum user involvement from the outset.
The uses, led by USACOM, are refining program objecives and assessg system
operations and CONORs. The u®rs may idertify recanmendations or shortfalls that
impact long-term system capabilit ies. Of course, any recommended configuration changes
to the Global Hawk a DarkStar during the ACTD are canstrained by the $10M UFP
requirement. Simply put, al system capabilities are within the “trade space; as bng as
the UFP does not exceed $10M.

The program enploys an innovative acqusition appioach by usng DARPA’s Other
Trarsacton Authority (OTA) for contractual agreenerts. This OTA provides load ard
flexible authority, granted within the constraints of pubic law, adlowing DARPA to enter
into contractual ageenerts without the rormal statutory ard regulatory requirements of
the Federal Acquisition Regulatons (FAR) procurenert syssem The OTA pemits
DARPA to field and condud technology demonstrations of military systems authorized
under Secton 845 d the Natonal Defense Authorizaion Act (Public Law 103-160,
eracted November 1993)" allowing DARPA to sdestep nost of the DOD acqusition

bureaucracy.
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The Global Hawk High Altitude Endurance UAV

Global Hawk, also idertified as e Cawventional High Altitude Ehdurarce (CONV
HAE) or Tier Il Plus UAV, will be the HAE UAV “workhorse” for missions requiring
long-range deployment and wide-area surveillance or long sensor dwell over the target
area. It will be directly deployable from well outside the theater of operation, followed by
extended ar-station time in low- to moderate-risk ervironmerts. There, the system can
look into high-threat areas wih EO/IR ard SAR semsors that provide oth wide-area
seach ard spd imagely. Because bGlobal Hawk’s tremendous range capaliit y, theater
coverage is available at H-hour (vice dag to weeks 6r depbyment ard initiation of
operations for tactical assets). The vehicle achieves a high degree of survivability by its
very high operating atitude aul sef-deferse neasues. The prime contractor is Teledyne
Ryan Aeronautical (TRA), San Diegqg Calfornia; the sane compary that built the AQM-

34 Lightning Bug.

Transcentinankal
Rodiss of Aotion

Sell-deployable &Y provides
me on slalen ol long range

Figure 12. Global Hawk Employment Concept
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Figure 13. Global Hawk UAV
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Figure 14. Global Hawk UAV Development Schedule

DOD completed the final Global Hawk aircraft desgn review in May 1996. Full ar
vehicle asembly completed in Sepenber 1996. Sulsystem checkaut is on-going as of
this report. DARPA plamed for the first flight in the Spmg 1997 It dipped i to late
1997. After that the s/stem will perform a series of arcraft flight and system tests and
initial user damonstrations. The operational demonstrations of the full HAE UAV system

should begin in mid-FY 19982rogram management should transition from DARPA to
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Figure 15. Global Hawk UAV Development Schedule

an Air Forceded joint program office atthe erl of Decenber 1997. But program dips

may also delay program management transition as well.

Table 6. Global Hawk UAV System Characteristics

Cost $10M per vehicle (with EO/IR/SAR), $20M Ground Control Segment.
Dimensions Wingspan - 116 ft.; Length - 44 ft.; Height - 15 ft.

Weight Max. Gross Weight - 25,600 Ib. (includes 14,700 Ib. fuel)

Runway <5,000 ft., automatic take-off and (with differential GPS) landing
Payload 2,000 Ib. (4,000 Ib. total using wing hardpoints)

Range 5,500 km (27,000 km ferry range)

Duration 24 hr. on station, total mission duration up to 40 hr.

Airspeed 350 knots

Altitude Ceiling - 65,000 ft.

Flight Control

Vehicle can self-deploy from CONUS to overseas locations and land,

fully autonomous, DGPS for takeoff/landing, retaskable in flight

Survivability very high altitude and ECM and Radar Warning Receivers (RWR)

Deployment one C-141s or one C-5/17 for equipment and personnel only

C2 Link UHF MILSATCOM (16 KBs), Ku-Band commercial (1.5 MBs), LO$S
(274 MBs)

Sensors simultaneous EO/IR (1.0 ft search, 0.5 ft. spot) and SAR (3.0 ft search,
1.0 ft spot) capable; SAR only via Ku-Band or LOS; capable of 40,000
sgnm or 1,900 spot images per 24 hr mission with 20M CEP accufacy
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Figure 16. Global Hawk Airborne Communications Node Concept

In light of Predaor's successful wide dissemination of imagery via JBBS satellit es
during its secod Bosna depbyment, comparalde scemrios ae keing examned for this
longer-range UAV under a Global Hawk-Airborne Communications Node (ACN) system
concept The ACN concept envisions a canmunicaions node payoad for the UAV to
provide gateway ard relay sewvices o suface ad ar forces. This capaliity would
spedciicaly erhance the cammanders Dominate Batlefield Awareress DBA) ard

Information Superiority.

The DarkStar Low Observable HAE UAV

Figure 17. DarkStar UAV
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DarkStar will provide critical imagery intelligence from highly defended areas. The
vehicle design trades paformance and payload capacity for survivability features aganst
air deenses, suchas ts use 6 low obsewvale techologiesto minimize the air vehicle’s
radar return. The ar vehicle will self-deploy over intermediate ranges and carry dther a
SAR or EO payloadDarkStar’s prime contractor is a Lockheed Martin/Boeing team.

Following its 1 June 1995 rollout ard a ®ries of ground tests, DarkStar flew
succesfully on 29 March 1996, the first fully aubnomous flight usng differential GPS.
Onits 22 April 1996 gcad flight, howewer, its “wheetbarowing” characteristic during
takeoff roll increased to uncontrollable oscillations causng the arcraft to stal nose-high
ard crash Corecive acton from the acaiert will include “hiking” the nose gear a
rotation during takeoff, smplifyin g flig ht control laws, and adding the capability to abort
takedfs. Software testing ard recanfiguration of arcraft #2 slould alow the Fhase |
flight test program to resume in FY1997. Mearwhile, extensive radar cross-section tests

validated DarkStar’s low-observable design.

41



Table 7. DarkStar UAV System Characteristics

Cost $10M per vehicle (with EO/IR/SAR), $20M Ground Control Segment.

Dimensions Wingspan - 69 ft.; Length - 15 ft.; Height - 3.5 ft.

Weight Max. Gross Weight - 8,600 Ib. (includes 3,000 Ib. fuel)

Runway <4,000 ft., automatic take-off and (with differential GPS) landing

Payload 1,000 Ib. SAR; 800 Ib. EO

Range 925 km

Duration >8 hr. on station, total mission duration up to 12 hr.

Airspeed 250 knots

Altitude Ceiling - 45,000 ft.

Flight Control | Vehicle can taxi, take-off, climb, cruise, descend, and land fully
autonomously using DGPS, dynamically retasked in flight

Survivability very low observable

Deployment seven C-130s, three C-141s, two C-17 or one C-5 for five aircraft] one
GCS and 43 personnel

C2 Link UHF MILSATCOM (16 KBs), Ku-Band commercial (1.5 MBs), LO$S
(137 MBs)

Sensors EO (0.5 ft. spot) or SAR (3.0 ft search, 1.0 ft spot) capable; capable of

14,000 sgnm or 620 spot images per 8 hr mission with 20M CEP

accuracy

Of ggnificant interest to this UAV is its ability to radiate a SAR sensor but reman

stealthy. The SAR sensor uses alow power, low probability of intercept (LPI) waveform

ard a bw radar cross seciion, sdebbe suppression artenna. In the saich mode, this SAR

will provide strip images about 56 NM wide Also, both the SAR and EO sensors only

look-out the left side of the aircraft. The curent DarkStar UAV dewelopment scledule s

below:
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Figure 18. DarkStar UAV Development Schedule
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Advanced Concept Technology Demonstrations (ACTD)

Except for the Honeer ard Hurter UAV programs, al recem DoD UAV
dewelopmerts are (or have beer) ACTDs. The Redabr program wasthe first ACTD to
trarsition to a formal acqusition program, ard its lessans leaned are keing appied to the
other UAV programs. ACTDs, anacqusition philosophy garted in 1994, are intended b
be quick-development programs desgned © get mature technologies nto the hands o
users for early evaluaion of operational utility. These programs should complete
developmert ard denonstrations within two to three years; compared b the routine ten
equvaent yeass for the tradtional acqusition program. ACTDs ae unque n that they
focus on demonstrating warfighter determined essential capabilities and mission potential.
The three pssble autcomes d an ACTD effort are 1) userdeens lack d denonstrated
utilit y and cancels program, 2) system shows some utilit y and user modifies demonstrators
for operationa suitability, or 3) program succeeds amh the system erters the rormal
Service acquisition process.

The adantageas asped to anACTD program are the slortened development cycle
and proving system utility before a Service commits enormous funds to a full-rate
procurenert; a “try before you buy’ phlosophy. This conceptalso has its drawhbacks,as
being expelierced wth the Rredabr program. For instarce, ACTD unit costs may be low
(often representing off-the-shelf components), but militarizing these systems and
instituting logistics, mantenance, and training increase program ecquisition costs. For
exanple, while an ACTD Predabr denonstration system costs alout $15M, a cambat-
readyproducion system (with configuration charges added papad ard canmunicaton

subsystems, ard full integrated bgistical suppat provisions) requires alout twice that
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sun.'® Taking lessas leaned from the Rredabr ACTD program, the Outider ACTD
includesfunding for trarsition plus aut-year procurenent funds. Also, O recernly
pulished a policy documrent on Trarsition of ACTDs to the Acquisition Proces as a

guide to all ACTDs.

Near Term Demonstration Payloads

The UAV JPO is conducting proof-of-principle denonstrations of mature payloadsto
evaluae their suitability and utility for tactical UAV gpplications. Currently, the JPO is
utilizing the Pioneer and Hunter UAVs to test severa different payload reconnaissance
sersor packagesas well as a éw non-recanaissaice pajoads. The pdentia missbns
that these payoads could suppat are: meteorological, nuclearbiologicalchemical (NBC)
detection, ELINT, COMINT, hyperspectral imaging, foliage penetration SAR imaging,
mine detection, laser designator/rangefinder, and radar and radio/daa link jamming. None
of these demnstrations are autside he “box” of the tradtional recanaissame misson
areas, for two reasons. Firdt, its charter limits the DARO, that funds all these efforts, to
the oversight of nondethal tacical ard erdurarce UAVs only. Secandly, enploying lethal

UAVSs runs counter to current doctrine, attitude, and beliefs.
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Chapter 4

The Fuure

You e things and you ay “why?” But | dreamthingsthat neverwere;
and | say “why not?”.

—George Bernard Shaw

Cleaty the US government ard the American populous are becaming increasngly
sensitive to patential loss of life of military personnel, looking unfavorably on usng
manned assets to achieve military objectives. Navy Tomahawk and Air Force AGM-86C
cruise missiles, used extensively in Desert Storm, offer only a partial solution to the need
to drike targets without risk of pilot loss or capture. Although the effects of cruise missile
strikesare highly favorable, the $500k © $1M per airframe cost is a sgnificart limitation
to massie use @ these weapas. Mamed fighters, on the other hand, candelver bombs
ard missiles (e.g., Joint Direct Attack Munitions costing less than $15k each) at a much
lower cost per pound of payoad. This is possble becausehe manned fighter retains the
most critical aspect o deivering weapas, the revigaion, targeting, ard propulsion
systens, while these sam expersive canponerts on a cruise missie are lost on impact
Also, manned systems provide more flexibilit y and timeliness over cruise missiles. Cruise
missiles require exacting flight pah and targeting information before weapons launch.

Manmned systens canloiter over a farget area, waiting for a targetng opportunity.
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Howewer, it is this loiter over dened aea hat presers the dilemma of enploying manned

systems.

Unmanned Tactical Aircraft (UTA)

Accarding to anatticle in the 3 dily 1996 ssue d “Jare’s Defence Weekly,” the U.S.
Air Force and UK Royal Air Force are assessing the possibility of urmanned fighter
aircraft. This military interest has sparked both Lockheed Martin and McDonnell D ouglas
to sudy the feasbility of Unmanned Tactical Aircraft (UTAs). DARPA is aso
denonstrating interest in this concept Senior RAF officials reveakdrecertly that they are
consideling aUTA asanoption for replacing the Tornado GR4 stike arcraft in eaty pat
of the next century.

A UTA, with sulstantial C4l connecivity to its goerator sakly outside the deried
area, canloiter ard targetits weapos like a nanned system but provide a level of sakty
to friendly forces dmilar to cruise missiles but with a more cost effective gpproach.
Accading to a 1993 lockheed sudy, the UTAs had a cost-effecive niche that fell
between cruise nissles ad manned fighters. Lockheed Matin is adwocaing a phased
program appmoach represeiing a low-risk pah to the dewlopmert of a UTA. The
starting pant would be to adaptan exsting plattorm, suchas he F16, both to test
technologies anl operational doctrine. If the Air Force modifies a line aircraft, it could
operate in either manned or unmanned modes, depenling on the targeing ard threat
scenarios of individud missions. Similarly, the Air Force Material Command Sarted
plaming a UTA-like denonstration program udng the exsting F-16 Advanced Fighter

Technology Integration (AFTI) aircraft.
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All-new unmanned tactical airerafe

-
)

Figure 19. Unmanned Tactical Aircraft within Strike Packages

To fly a UTA to its target, an operator would first plan the atack on a misson
suppat computer (like the Air Force Mission Suppat System) ard load the strike profile
into the wehicle. During the mssbn, charges cald be dai&linked via a secue
communications system Sitting ata cantrol station hundreds d kilometers from where
the attackis taking place,an operator would be alde to coordinate not just one \ehicle’s
action, but those d an ertire package bUTASs. lllustated below is a potential future
attack scenario utilizing all three weapons platform types.

Manned systems, with their ultimately flexible humanr-in-the-loop design, are best
suted r enployment aganst highly mobile targets, uncettain targeing sceraros, ard
low-to-mid threat environments. Cruise missiles, with minimal threat to friendly forces,
excel at attacking well defined, fixed targets but usudly limited in numbers employed
because bcost UTAS provide he kest of both extremes, the cost efficiercy of manned

systens ard the low risk ervironmert to its gperators like the cuise nissle. If the UTA
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has significant on-board sensor and communications capability, UTAs could provide the

same flexibility in unanticipated scenarios like manned systems.

Uninhabited Combat Aerial Vehicles (UCAVS)

The US. Air Force recenly formalized ts usion of its future in puldishing New
World Vistas Air and Space &er for the 218 Century. Included n this report wasthe
assertion that the Air Force will employ a mix of inhabited and uninhabited aircraft. The
report usesthe term “uninhabited” rather than “unpiloted” or “unmamed” to distinguish
the aircraft eralded by the rew technologies fom those row in operation or plamed. The
“unmamed” aircraft of the presem have paticular adwantages,suchas c@t or erdurarce,
but are ether cruise nissles a recanaissae \ehicles. The “uninhabited” combat
aircraft (UCAV) will be new, high peformance arcraft that are more effective for
patticular missons than their inhabited counterpaits. The erader for viade UCAV
enployment is the constantly ewolving information tecmologies, alowing the use © new
aircraft and weapons’ technologies unavailable for use in inhabited aircraft.

The report asserts that there will be missions duiing the next three decadesHhat will
benefit from having ahuman present, but for many missions the uninhabited aircraft will
provide capabilit ies far superior to those of its inhabited cousns. For example, shape and
function will not be constrained by a cockpit, a human body, or an gection seat. The
desgn freedan gererated should alow a reducton in radar cross secion by atleas 12 dB
in the frequery bands curently used or air deense, compared © exsting aircraft. A 12
dB redudion in arcraft cross section will reduce the effective range of enemy radar by a

factor of two and area coverage by a factor of four. There is aso the possibility of
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extending UCAV performance nto the hypersonic range o eralde global strikesfrom the
CONUSIn minutes (true Gbbal Engagenent) on high value trgets. Also, small UCAV's
caried aloard ard launched fom large “mother-ship” aircraft could provide an

intercontinental standoff capabilitygnabling what some define as true “air occupation.”

Figure 20. Attack by UCAVs Deployed by Airlifter

It is the improvements in sensors, processors, and information networks that make the
UCAV possble. Information, critical to todays precsion weapm systens, are
increasngly delived from sersors autside the ar vehicle itsef. Cumrent conceps cal for
transmitting information derived from many sources over a satellit e or ground-based data-
link to the piot of a hgh peformance conbat aircraft. The anmount of information
available for display in the cockpit is enormous quickly saturating the human pilot with
more data than can be effectively absorbed.

In the New World Vistasconcept information gahered fom many saurces,including
from the UCAYV itself, will be brought to the Execution Control Center (ECC), located in

the CONUS over high speed, massively redurdart fiber and satellite communications

50



routes. A pemanent, environmentally controlled ECC will permit extensive use of Sate-
of-the-art commercial equipment. While on the UCAV, the absence of displays, pilot life
suppat equpmert, ard manual controls will reduce vehicle cost and weight.
Correspondingly, volume, area, and weight of displays, processors, and controls in the
ECC is urrestricted. Well-rested mission specialists will be available to provide suppat
for one or more UCAVS, and a cadre of expert mantenance technicians will also be
available. Sulsequerly, the Sevicescanreduce he rumber to suppat personnel in the
theaer and the necesgy to trarspat a lbrge rumber of shelters, workstations, ard
environmental control units to the theater to support these personnel.

The extremely low observability of the UCAV will also result in the redudion of
stardoff distarce at the weapa releasepoint; meanng the UCAV can be closer to the
target a weapons release.  This will, in turn, dlow employment of less expensve PGMs
with lesssophisticated weapan sersors arl gudarce sytens arml lower propulsion costs
thanlonger range sard-off weapms. In other words,a UCAV could enploy JDAM-like
weapas \ery close o the target, vice a nanned platform paositioned farther awayfrom the
target and required to utilize JSOW or JSSAM-like weapons.

UCAV maneuverability levels, beyond that of human pilot tolerance, will also increase
system survivability. Accekration limit s for inhabited arcraft are typically +9g and -3g. A
UCAYV desgn cansymmetricaly accegrate in ary direcion immediately. In comparison,
arti-aircraft missles are usualy desgned wih a factor of three nargin in latera
acceeération over that of the target aircraft, athough a few missles have acceération
capabilit ies as high as +80g. A UCAV with a+10g capattity could outfly many missiles,

and an acceleration capability£#0g will make the UCAV superior to nearly all missifes.
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Figure 21. UCAYV Attacking Air & Land Targets with High Power Laser

New World Vistas asserts that an effective UCAV will be possible in the next century
as he resut of the smultarecus gtimizaton of information flow, aircraft performance,
and mission effectiveness. The UCAV will not completely replace nhabited arcraft for
decadeshut the preserme, or alserte, of a plot is now an available degyn trade. The
advancesin weapas systernrs, patticularly the Air Force’s Airborne Laser Program, could

add completely new dimensions for employing UCAVS.
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Micro Unmanned Aerial Vehicles (MicroUAV)

Micro Unmanned
Aerial Vehicle proposals

Figure 22. Micro UAVs

DARPA is dso investigating the viability of Micro Unmanned Aerial Vehicles
(MicroUAV). The dewopmernt of the MicroUAV would be a tchological feat so
radical that it would pushthe staite d the art in flight control, navigaion, communications
ard propulsion. These tiny drones no more than 15 cmin span or length, could scout
inside buildings, for exanple, cdlect biologicalchemical sanples, or attachthenseles b
structures o equpmert ard actas istening ard/or video posts. No speciic applcation
has drawn ergineess to the project but DARPA is confidert that tecmologies, like micro-
sersors ard mcro-electro-mecharical systens, being deweloped br other programs will
provide the necessary capabilities to meke a small-scale arcraft fly.> If this effort comes

to fruition, MicroUAV enployment could vary widely, but possible uses could be for
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survelllance, clogging aircraft engine inlets, jamming artillery and AAA gun barels,
dislodging the tracks @ mechanized \ehicles, ard others. MicroUAV tecmology could
also further reduce the possihility of collateral damage, since the weapon is only six inches

across.Reducing collateral damage, even to enemy forces, is another trend of our society.

Notes

"Michael J. Witt, “Britain Ponders UAV Alternative” Defense News, vol. 12, no. 1
(6-12 Jan 97), 1.

Nick Cook, “Leavng The Rlot On The Ground,” Jane’s Defence Weeky, 3 dly
1996, 34-35.

*Air Force Scientific Advisory Board, New World Mistas Air and SpacéPower for
the 21st Century, Summary Volutiéashington, DC: December 1995), 8-9.

*Air Force Scientific Advisory Board, 34-35.

°Stacey Evers, “ ARPA Pursues RcketSized Pilotless Vethicles! Janes Defence
Weekly 20 Mar 96, 3.
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Chapter 5

Conclusions

High ground offers three $rategic asets. greater tactical drength,
protection fom acces and a wder view...The occupation afigh ground
can thus mean genuine dominatidts reality is undeniable.

—Carl von Clausewitz
On War

So why are UAVs becaming popular, espealy in this fighter-mertality Air Force?
There are a few trends that are pusing UAVs to the forefront of the military
recannaissare force structure. First, as nentioned at the beginning of this report, our
scciety is becaming more ard more adwerse o human sufering, even in war. The
American pulic and media will probably frown on commanders that utter statements like
“damm the torpedces, full speed abad’ Therefore, it is becaming harder to envision
serding manned recanaissaice assetinto dened, hostile arspace,evenif the intellig ence
data needed is critical to saving many lives in actual battle.

Another reasa for the swel of UAV interest is that curent tecmologies fave finally
overcome some significant limit ations to the flexibility of previous UAVs. Until recenly,
most UAVs flew prejprogrammed flight pahs because blimited navigaion capabilities
and command and control links to the UAV operator. This limited the responsiveness of
the systens to charges m the lkettlefield. The awilable techology for pastUAVs also

limited sensor performance. For example, the Lightning Bug used a film-based camera to
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provide high qudity photography. This limited its role to peforming BDA &fter pre-
plamed ar strikes. This camera systemwas ot applcahle to the dynamic nature of target
acqusition because bthe time it took to recover the UAV, then remove the film for
procesing ard exloitation. Although many variarts of the Lightning Bug included a
video link to the operator, the camera was an analog system and, therefore, limited in the
qudity and resolution of the image Of course, these film and video systems were
degadedby weater ard canouflage. Until recerlly, SAR sersor techmology was ot
mature erough to alow cost effecive payoads snal erough for UAV enployment.
Therefore, only manned recanaissame phtforms (.9, U-2, SR-71, JSTARS efc.)
provided the flexibility, responsiveness, and quality needed on the dynamic battlefield.
The ekctronics revolution of the 1990shas provided te tecmology that eraldes cost
effective UAVs to peaform mast, if not dl, of the battlefield reconnaissance missions.
Todays ekctonics, micro-processos, ard canmunications networks alow the Predabr
UAV, udng GPS navigation, to fly autonomoudy or be dynamically retasked in flig ht, to
loiter over anarea d interest for up to 24 hours while collecting high-qualty EO, IR, ard
SAR imagery, then transmit that imagery over commercial satellit es to warfighters at all
ectelons throughout the wald. Therefore, today we have the techology to enploy
imagery collecting UAVs with as good or better capabilities than manned platforms.
Soon, the Global Hawk will lo iter over a theater for up to 40 hours, far exceedng a U2’s
loiter time. If the Global Hawk program successfully demonstrates its predicted
capabilities, the Air Force will probably retire the U-2 fleet by the middle of the next
decade. Cleatty the curent Air Force kadeship is very suppative of increasng our

involverrert in UAVsS. At the Rl 1996 Ar Force rona Confererce, the leadeship
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decded b estblish a UAV Battle Lab at Eglin AFB, to explore energing arasof warfare
for the next century. The Air Force dready experimented with the paossibility of lethal
UAVs in the 1970sare we wiling to try it agan? It will be interesting to see if the Air
Force’s attitude towards UAVs wavers after a change of top leadership.

Towards the erd of this decade ti will be clear that UAVs are more capable of
performing the RSTA mission, especially in the IMINT doman, better than manned
platforms, and a lower costs and less risk to human life. It is ill unclear when UAV
platforms will match or exceed he SGINT ard MASINT sersor capaliities of today’s
manned platforms (e.g., Rivet Joint, EP-3 ES-3 ec.). But a the rate technology is
adwancing, it should not be long. Probally by the erd of the next decadethe Global Hawk
will carry SIGINT payloads on its wing hardpants and use its existing communications
payload to transmit the raw daa to SGINT processors and human exploiters that are
safely away from the battlefield.

Similar technology advances will occur within satellite reconnaissance and
survelllance programs and systems. Eventudly, this nation could possess the ideal
intellig ence architecture, that of global satellite coverage for regular global surveillance
ard depbyalde UAVs for susained ard focused heakr recanaissame. Such an
architecture will provide the Global Eyes and Global Ears to truly perform the Global
Reach, Global Power, and Global Engagement of tomorrow’s Air Eorce.

So what does dl this renewed interest and investments in UAV's mean for the future
of warfighting? Clearly, theater RSTA will significantly improve. It is dso clear that the
same technology that is propdling advances and improving attitudes in UAVs could

drastically change how the military employs force. As mentioned earlier, the Air Force's
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NewWald Vistas report ervisoned UCAVs, flown by operators in the CONUS taking
the fight to ary erenmy. UAV-like techologies, alowed © mature to fruition, could
completely take the human out of acual combat UCAVs from CONUS theatr aifields,
ard/or cariers could fly into dened arspace, suppating amies of unmanned ground
vehicles (UGVs) moving into denied erritory, to impress U.S. palitical will upon an
adwersary. The Naw is also appying these samtechmologies n their “Marta” concept
an ummanned urdemvater vehicle (UUVs) depbyed fom a submarine to operate in
shallow water ard through minefields to track aml destoy eremy submarines®’ The
technologies to redlize these capabilities are inevitable. The issue is whether we have the
political and military will to acceptthis path ard invest in it, even in these fiscaly
constrained times.

The Industial Rewlution provided rfles ad camons with lethal range that began
separating fighting forces away from hand-to-hand combat. The Information Revolution,
gill in its infancy, continues this trend, providing intercontinental-ranged aircraft and
missles. Wil the U.S. decide to fully exploit the Information Revolution and
revolutionize our military by employing humanless weapons to quickly conclude conflicts?
Or will we just selectively exploit new technologies and evolve our forces to quickly bring

the human to the conflictThe choice is ours to make now.

Notes

ICredt for the cancept of Global Eyes anl Global Ears goes b Brigader Gereral
Donald R. Walker, USAF (ret) while he was he Drrecior of Specal Projects (SAF/SP) in
1992.

’Robert Holzer, “U.S. Navy Manta May Expand Sub Combat Power,” Defense Nevs,
vol. 12, no. 11 (17-23 Mar 97), 1.
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AAA
ACA
ACC
ACN
ACTD
AFTI
ARPA
ATARS
AV

BDA

C2
CAl
C4ISR

CDL

CEP

CGS

CIA

CINC
CJTF
COCOM
COMINT
CONOPS
CONUS
CONV HAE
COTS

DARO
DARPA
dB

DBA
DCGS
DGPS
DOD

ECC

Glossary

anti-aircratft artillery

airspace control authority

Air Combat Command

airborne communications node

Advanced Concept Technology Demonstration
Advanced Fighter Technology Integration

Advance Research Projects Agency (now DARPA)
Advanced Tactical Airborne Reconnaissance System
air vehicle

bomb/battlefield damage assessment

command and control

command, control, communications, computers and intelligence
command, control, communications, computers, intelligence,
surveillance, and reconnaissance

common data link

circular error of probability

common ground station

Central Intelligence Agency

Commander-in-Chief

Commander Joint Task Force

combatant command

communications intelligence

concept of operations

Continental United States

conventional high altitude endurance

commercial of-the-shelf

Defense Airborne Reconnaissance Office

Defense Advance Research Projects Agency (formally ARPA)
decibels

dominant battlefield awareness

Distributed Common Ground Station

differential Global Positioning System

Department of Defense

Execution Control Center
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ECM
ELINT
EO
EO/IR

GCCS
GCS
GPS

HAE

IAl
ICBM
IMINT
INS
|10C
IPT
IR

JDAM
JBS
JFACC
JFC
JPO
JROC
JROCM
JSOW
JSSAM
JSTARS
JTF

KBs
KH

KTO

LCO
LO
LOS
LPI
LRE
LRIP

MAE
MARS

electronic countermeasures
electronic intelligence
electro-optical
electro-optical/infrared

Global Command and Control System
ground control station/segment
Global Positioning System

high altitude endurance

Israel Aircraft Industries
intercontinental ballistic missile
imagery intelligence

inertial navigation system

initial operational capability
integrated process/product team
infrared

Joint Direct Attack Munitions

Joint Broadcast System

Joint Forces Air Component Commander
Joint Forces Commander

Joint Program Office

Joint Requirements Oversight Council

Joint Requirements Oversight Council Memorandum
Joint Stand-Off Weapon

Joint Service Surface Attack Missile

Joint Surveillance Target Attack Radar System
Joint Task Force

kilobits per second

Keyhole (formdly a classification control channel for satellite
imagery)

Kuwaiti Theater of Operations

Launch Control Officer

low observable

line of sight

low probability of intercept
launch and recovery element
low-rate initial production

medium altitude endurance
mid-air retrieval system
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MASINT
MBs
MCE
MNS
MRC
MTI

NASA
NATO
NCA
NRO

OSD
OTA
OTH

PGM
POW
PSYOPS

RISTA
RPV
RSTA
RTB

SAC
SAM
SAR
SATCOM
SEAD
SIGINT
SRW

TAC
TRA
TSIl
TUAV

UAV
UCAV
UFP

uGv
UHF

UN
USACOM

measures and signatures intelligence
megabits per second

mission control element

Mission Need Statement

major regional conflict

moving target indicator

National Aeronautics and Space Administration
North Atlantic Treaty Organization

National Command Authority

National Reconnaissance Office

Office of the Secretary of Defense
other transaction authority
over the horizon

precision guided munitions
prisoner of war
psychological operations

reconnaissance, intelligence, surveillance, and target acquisition
remotely piloted vehicle

reconnaissance, surveillance, and target acquisition

return to base

Strategic Air Command
surface-to-air missile

synthetic aperture radar

satellite communications
suppression of enemy air defenses
signals intelligence

Strategic Reconnaissance Wing

Tactical Air Command
Teledyne Ryan Aeronautical
Trojan Spirit 11

tactical unmanned aerial vehicle

unmanned aerial vehicle
uninhabited combat aerial vehicle
unit flyaway price

unmanned ground vehicle
ultra-high frequency

United Nations

United States Atlantic Command
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USD(A&T)
USEUCOM
uuv

VHF
VSAT

Under Secretary of Defense for Acquisition and Technology
United States European Command
unmanned underwater vehicle

very high frequency
very small aperture terminal
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